Abstract Background/Purpose: Nontyphoid Salmonella (NTS) bacteremia causes high mortality and recurrence rates in human immunodeficiency virus (HIV)-infected patients. This study aimed to investigate the risk of recurrent NTS bacteremia in the era of combination antiretroviral therapy (cART). sulfamethoxazole who achieved a decline of plasma HIV RNA load by ! 2 log 10 after 4 weeks of cART (good shortterm virological response) and those who failed to achieve the goal (poor short-term virological response). Clinical information was collected on the demographics, immunological and virological responses, prophylactic antibiotics used, episodes of recurrent NTS bacteremia, and mortality.
Introduction
Bacteremia has been an important cause of morbidity and mortality in human immunodeficiency virus (HIV)-infected patients. 1e4 In developing countries, nontyphoid Salmonella (NTS) continues to be the leading cause of bacteremia that causes high mortality and recurrence rates. 4 According to the United States Centers for Disease Control and Prevention, recurrent NTS bacteremia is one of the AIDSdefining opportunistic infections. 5 After the introduction of combination antiretroviral therapy (cART), the incidence of bloodstream infections in HIV-infected patients has decreased with the improvement of immunologic status. 6 However, in patients with low CD4 lymphocyte counts, bacteremia, especially NTS bacteremia, remains a threat in developing countries. 1, 2, 4 The guidelines of the United States Department of Health and Human Services in 2014 recommend that HIVinfected patients with recurrent gastroenteritis or NTS bacteremia, or those with CD4 counts < 200 cells/mL and severe diarrhea receive secondary prophylaxis against recurrent NTS bacteremia. 9 However, the optimal duration of secondary prophylaxis for this purpose has not been well established, in contrast to the recommendations for primary and secondary prophylaxis against Pneumocystis jirovecii pneumonia. It is suggested to stop secondary prophylaxis until the resolution of Salmonella infection and response to cART with sustained viral suppression and CD4 cell count > 200 cells/mL. 9 However, the prolonged exposure to antibiotics raises several concerns, such as drug toxicity and increasing antibiotic resistance. In our previous study, the incidence of NTS bacteremia has significantly decreased by 96% after the introduction of cART. Moreover, HIV-infected patients who received fluoroquinolones as secondary prophylaxis for 30 days did not experience a higher incidence of recurrent NTS bacteremia than those who received secondary prophylaxis for > 30 days.
However, the effectiveness of secondary prophylaxis with fluoroquinolones may be compromised given the finding that the proportion of NTS isolates resistant to fluoroquinolones has significantly increased over the three study periods. 8 In this retrospective study, we aimed to reassess the risk of recurrent NTS bacteremia in the cART era. Our hypothesis is that in HIV-infected patients who receive cART with good adherence and a good short-term virological suppression, prolonged secondary prophylaxis for NTS bacteremia may not be needed.
Methods

Study design and inclusion and exclusion criteria
From January 2006 to June 2014, all HIV-infected patients who were aged 18 years or older and received a diagnosis of NTS bacteremia at the National Taiwan University Hospital, Taipei, Taiwan and Far Eastern Memorial Hospital, New Taipei City, were included in this retrospective observational cohort study. A standardized case record form was used to collect clinical and microbiological data. We excluded the patients who had to receive prolonged (> 3 months) broad-spectrum antibiotics for other opportunistic infections, such as disseminated nontuberculous mycobacterial infections or recurrent pneumonia, because the prolonged use of antibiotics would interfere with the interpretation of the results of secondary prophylaxis against NTS bacteremia. We also excluded the patients who died during hospitalization when the first episode of NTS bacteremia developed, who were lost to follow-up within 2 months after the bacteremia, who had not received appropriate antibiotic treatment for NTS bacteremia, and who did not have sufficient laboratory data. The appropriate antibiotics for NTS bacteremia included a third-or fourth-generation cephalosporin, or a fluoroquinolone that demonstrated in vitro activity against the NTS isolate tested.
The duration of secondary prophylaxis was defined as the duration of oral antibiotics after the patients had completed the 14-day course of effective parenteral antibiotic treatment. Recurrent NTS bacteremia was defined as blood cultures that yielded NTS > 1 month after the discontinuation of antibiotic treatment or when the patient continued to receive antibiotic prophylaxis.
Rapid reduction of viremia in response to treatment was one of the important predictors of achieving long-term viral suppression. 7 Therefore, the patients included in the study were divided into two groups according to their short-term virological suppression status: the good virological suppression group, which included patients who achieved a decline of plasma HIV RNA load (PVL) by ! 2 log 10 after taking 4 weeks of cART; and the poor virological suppression group, which included those who failed to achieve a decline of PVL by 2 log 10 . The patients in each group were further divided into two groups: those who received secondary prophylaxis against recurrent NTS bacteremia and those who did not.
Laboratory investigations
Isolation of Salmonella species was performed according to the standard methods from the blood samples. Salmonella serogroups B and D were further identified by the serotypes (Kauffman and White scheme), by using somatic and flagellar antigens (Denka Seiken Agglutinating Sera Salmonella Antisera Sets (Denka Seiken Co. Ltd., Tokyo, Japan)), and by conventional methods and the Phoenix System (panel type, NMIC/ID4; Becton Dickson). Disk diffusion susceptibility tests were performed for the Salmonella isolates, and results were interpreted according to the guidelines provided by the Clinical and Laboratory Standards Institute (formerly National Committee for Clinical Laboratory Standards). 10 Minimum inhibitory concentrations (MICs) of ampicillin, trimethoprim/sulfamethoxazole (TMP/SMX), ceftriaxone, and ciprofloxacin were determined using the agar dilution method or VITEK 2 microbial identification system (BioMérieux, Marcy-l'Etoile, France), according to the Clinical and Laboratory Standards Institute guidelines. 10 Both of the microbiology laboratories at the National Taiwan University Hospital and Far Eastern Memorial Hospital followed the same guidelines.
CD4 lymphocyte count was determined using flow cytometry (BD FACSCalibur, Becton Dickinson and Coulter Epics XL, Beckman Coulter, Brea, CA, USA). PVL was quantified using the Cobas AmpliPrep/Cobas TaqMan HIV-I test (version 2.0; Roche Molecular Systems, Inc.) with a lower detection limit of 20 copies/mL since June 2012.
Treatment and prophylaxis
During the study period, treatment of NTS bacteremia included parenteral administration of ceftriaxone or other third-generation cephalosporins, or a fluoroquinolone, that was administered for a 14-day course, followed by oral switch to ciprofloxacin administered at a dose of 500 mg twice daily or other newer fluoroquinolones as secondary prophylaxis. The duration of fluoroquinolone prophylaxis was at the discretion of treating physicians. All patients were recommended to start cART at the time when they received a diagnosis of HIV infection with AIDS according to the national HIV treatment guidelines of the Taiwan Centers for Disease Control. 11 
Data collection
A standardized case record form was used to collect the baseline information such as age, sex, white blood cell counts, CD4 cell count, and PVL in patients with NTS bacteremia. According to the national HIV treatment guidelines, second tests for CD4 cell count and PVL will be performed 4 weeks after the initiation of cART, which are performed every 3 months subsequently during the 1 st year of cART. The duration of oral TMP/SMX for the prophylaxis of P. jirovecii infection was also recorded.
Statistical analysis
All statistical analyses were performed using SPSS statistical software (version 20.0; SPSS Inc., Chicago, IL, USA). The variables were compared using the ManneWhitney U test. The patients were followed until December 31, 2014, death, or loss to follow-up, whichever occurred first. The incidence of recurrent NTS bacteremia was calculated as the number of episodes per 100 person-years of follow-up (PYFU). Exact 95% confidence intervals (95% CI) for incidence rates were calculated on the basis of the Poisson distribution. The resistance rates of fluoroquinolone were compared using the Mid-P exact tests.
Results
Patient characteristics
During the 8-year study period, 60 patients with 68 episodes of NTS bacteremia were identified ( Figure 1 ). In seven episodes of NTS bacteremia, the patients died during the hospitalization course; the patients was lost to follow-up soon after four episodes; in two episodes, the patients had to receive prolonged broad-spectrum antibiotics for other reasons; in one episode, NTS bacteremia was diagnosed at an outpatient clinic for which the patient did not receive appropriate antibiotic treatment; and there were no sufficient data for two episodes. After excluding these 16 episodes, 49 patients who had 52 episodes of NTS bacteremia were included for analysis.
Except for one woman, all patients were male, with a median age of 33 years and 69.4% of them being younger than 40 years ( Table 1) . The median CD4 cell counts at the onset of NTS bacteremia were 30 cells/mL (range, 1e140 cells/mL). For treating NTS bacteremia, one patient received a fourth-generation cephalosporin, four patients received fluoroquinolones, and others had a thirdgeneration cephalosporin. Twenty-nine patients (59.2%) were defined as having good short-term virological response to cART, and 20 patients (40.8%) were defined as having poor short-term virological response. In the good virological response group, 16 patients received secondary prophylaxis and 13 did not receive prophylaxis, whereas in the poor virological response group, 15 patients received secondary prophylaxis and five did not receive prophylaxis. Twentyfour of the 49 patients (50.0%) also received TMP/SMX for the prevention of P. jirovecii pneumonia: 16 (16/29, 55.2%) in the good-response group (9 patients with secondary prophylaxis for NTS bacteremia and 7 without prophylaxis) and eight (8/20, 40.0%) in the poor-response group (6 patients with secondary prophylaxis for NTS bacteremia and 2 without prophylaxis). The median duration of TMP/SMX for primary or secondary prophylaxis for pneumocystosis was 28 days (range, 0e280 days) in the good-response group with prophylaxis and 0 day (range, 0e122 days) without prophylaxis; and 0 day (range, 0e154 days) in the poorresponse group with prophylaxis and 0 day (range, 0e203 days) without prophylaxis (Table 1 ).
Immunological and virological responses
All but one patient received cART after the diagnosis of NTS bacteremia was made (Table 1) . After 4 weeks of cART, the median CD4 cell count increased to 160 cells/mL (range, 12e772 cells/mL) in patients with good virological response, and 123 cells/mL (range, 3e615 cells/mL) in the poorresponse group. The median follow-up duration was 1385 days (range, 330e3171 days) in the good-response group with prophylaxis and 584 days (range, 265e2968 days) without prophylaxis; and 506 days (range, 85e2826 days) in the poor-response group with prophylaxis and 526 days (range, 225e712 days) without prophylaxis ( Table 2) . At the end of follow-up, the median CD4 cell counts were 333 cells/mL (range, 21e731 cells/mL) in the good-response group and 61.5 cells/mL (range, 3e385 cells/mL) in the poor-response group (Table 1 ). In patients who had good virological response and received antibiotic prophylaxis, the CD4 cell counts at the end of follow-up were the highest among the four groups (median, 423 cells/mL; range, 80e691 cells/mL). Compared with patients with good virological response, the patients in the poor-response group, regardless of antibiotic prophylaxis for NTS bacteremia, had significantly lower median CD4 cell counts at the end of follow-up: with prophylaxis, 55 cells/mL (range, 3e385 cells/mL); without prophylaxis, 68 cells/mL (range, 3e139 cells/mL). The patients in the good-response group had a median increase of CD4 cell counts of 321 cells/mL (range, 5e678 cells/mL), whereas the CD4 count decreased by 4 cells/mL (range, À342e340 cells/mL) in the poor-response group.
The median baseline PVL was 5.38 log 10 copies/mL (range, 4.3e6.97 log 10 copies/mL) and 4.76 log 10 copies/mL (range, 1.3e5.79 log 10 copies/mL) in the good-response group and the poor-response group, respectively (Table  1) . After 4 weeks of cART, the median decrease of PVL was 2.8 log 10 copies/mL (range 2.09e3.7 log 10 copies/mL) in patients with prophylaxis and 2.69 log 10 copies/mL (2.15e4.04 log 10 copies/mL) in those without prophylaxis in the good-response group, whereas it was 0.51 log 10 copies/ mL (range À3.49e1.98 log 10 copies/mL) in patients with prophylaxis, and 0 log 10 copies/mL (range À1.1e1.4 log 10 copies/mL) in those without prophylaxis in the poorresponse group.
Incidence and survival rate of recurrent NTS bacteremia
For the 16 patients who had good virological response and received secondary prophylaxis for NTS bacteremia, the median duration of prophylaxis was 19 days (range, 3e280 days), whereas for the 15 patients in the poor-response group who received prophylaxis, the median duration was 12 days (range, 2e52 days; Table 2 ). There were no recurrent episodes of NTS bacteremia in the good-response group, regardless of whether the patients received prophylaxis. In the poor virological response group, it was Secondary prophylaxis and NTS bacteremia5.215 per 100 PYFU (95% CI, 0.8743e17.23) with prophylaxis, and 56.42 per 100 PYFU (95% CI, 17.93e136.1) without prophylaxis.
In the poor virological response group, two patients who received prophylaxis each developed one episode of recurrent NTS bacteremia (Table 2 ). In the no-prophylaxis group, a patient developed one episode and another patient developed three episodes of recurrent NTS bacteremia. There was no difference between the two subgroups (receiving or not receiving prophylactic antibiotics) in the good virological response group in the incidence of recurrent NTS bacteremia, nor was there any difference between the two groups of patients who received prophylactic antibiotics and achieved good response or those who failed to achieve good virological response (p Z 0.55).
Serotypes of NTS isolates and the antimicrobial susceptibility
Of all 52 isolates, 44 were Salmonella O9 (serogroup D1) and five were Salmonella O4 (serogroup B; Table 2 ). In the good virological response group, three of the 29 isolates (10.3%) were resistant to ciprofloxacin, whereas in the poor-response group, one of the 23 isolates (4.3%) was resistant to ciprofloxacin. In patients receiving a fluoroquinolone for prophylaxis, either in good or poor virological response group, two out of 32 isolates (6.3%) were resistant to ciprofloxacin. In patients without fluoroquinolone prophylaxis, two out of 20 isolates (10.0%) were resistant to ciprofloxacin (p Z 0.653). The overall resistance rate to ciprofloxacin for all 52 isolates was 7.7% (Table 2 ) and the resistance rate to ampicillin, ceftriaxone, and TMP/SMX was 44.2%, 1.9%, and 26.9%, respectively.
Characteristics of patients with recurrent NTS bacteremia
Four patients accounted for six episodes of NTS bacteremia. Their clinical characteristics are shown in Table 3 . All four patients had baseline CD4 cell counts < 100 cells/mL and three had CD4 cell counts < 50 cells/mL. Patient 1 had three episodes of recurrent NTS bacteremia, and died during the third episode of recurrent NTS bacteremia. His CD4 cell count was 38 cells/mL, and he had a PVL of 51,000 copies/mL when the first episode occurred. He refused to start cART despite counseling. Other than NTS bacteremia, he had disseminated Mycobacterium avium complex infection and P. jirovecii pneumonia that led to death. Patient 2 had discontinued cART for 2 years prior to admission to the hospital for cryptococcal meningitis. The CD4 cell count was 41 cells/mL, and his PVL was 111,000 copies/mL. He did not receive secondary prophylaxis for NTS bacteremia. Recurrent NTS bacteremia developed when the CD4 count decreased to 18 cells/mL. He died of cerebral septic embolism, which occurred after he received chemotherapy for subsequent anaplastic large-cell lymphoma. Patient 3 discontinued cART despite the fact that his CD4 cell count had fallen to 1 cell/mL and his PVL was 62,300 copies/mL. Ciprofloxacin was prescribed for 28 days for secondary prophylaxis. However, recurrent NTS (100) 13 (100) 15 (100) 4 (80) 48 ( bacteremia developed 2 months after his discharge from the hospital, and he subsequently died of P. jirovecii pneumonia. Patient 4 had poor adherence to cART and presented with P. jirovecii pneumonia, HIV nephropathy with nephrotic syndrome, and cytomegalovirus pneumonitis when NTS bacteremia occurred. NTS bacteremia recurred despite ciprofloxacin prophylaxis. He subsequently died of respiratory failure.
Discussion
In this study, we found that HIV-infected patients who had good short-term virological response to cART that was defined as a decline of PVL of !2 log 10 after 4 weeks of cART were at a low risk of having recurrent NTS bacteremia. Regardless of the use of secondary prophylactic antibiotics, none of the 29 patients on cART with short-term virological response developed recurrent NTS bacteremia. NTS is an important etiology of bacterial infection in immunocompromised hosts and infants in Taiwan, 12, 13 and the leading cause of bacteremia in patients with advanced HIV infection. 14 The incidence of recurrent NTS bacteremia of patients without prophylaxis and poor virological suppression in the current study (56.42 per 100 PYFU) is lower than that in the pre-cART era in our previous report (70.56 per 100 PYFU). 8 The decrease may be related to the partial treatment effect of cART. For patients with good virological control, there was no recurrence of NTS bacteremia in this study (which was conducted between 2006 and 2014) compared with the incidence of 2.56 per 100 PYFU in our previous study (1997e2006). 8 Twenty-eight of the 49 patients (57.1%) were antiretroviral-naïve at the first episode of NTS bacteremia, and 42 patients (85.7%) either started cART or had changes made to the antiretroviral regimens after the episodes of NTS bacteremia. These findings highlight the importance of early diagnosis of HIV, early initiation of cART, and retention of the patients in the HIV care system for the prevention of recurrent NTS bacteremia. With good virological suppression, the role of secondary prophylaxis for NTS bacteremia may be minimized. Our findings suggest that, regardless of the baseline CD4 cell count, for patients who start cART with good adherence and virological response, prophylactic antibiotics for the prevention of recurrent NTS bacteremia may not be needed.
Patients with a low CD4 cell count are at high risk of NTS bacteremia. 15 In our previous study, we found that patients with NTS bacteremia had depleted CD4 cell counts [median, 8 cells/mL and 20 cells/mL in the pre-highly active antiretroviral therapy (HAART) and post-HAART era, respectively]. 8 In this study, the patients with poor virological suppression continued to have lower CD4 cell counts at the end of follow-up (median CD4 cell count, 55 cells/mL and 68 cells/mL in patients with prophylaxis and those without prophylaxis, respectively). By contrast, patients with good virological suppression had significant increases of CD4 counts to 423 cells/mL and 328 cells/mL in patients with prophylaxis and those without prophylaxis, respectively. The CD4 cell counts at the end of follow-up of the four patients who had recurrent NTS bacteremia were all < 50 cells/mL. This suggests that a poor immunological recovery and poor adherence to cART and secondary prophylaxis prescribed may have contributed to the higher incidence of recurrent NTS bacteremia observed. 8 In the good virological response group, nine patients received a prophylactic dose of TMP/SMX for pneumocystosis in addition to a fluoroquinolone, and seven patients received TMP/SMX without other antibiotics. None of the patients in both groups developed recurrent NTS Data are presented as n, n (%), or median (range). 95% CI Z 95% confidence interval; NTS Z nontyphoid Salmonella bacteremia; PYFU Z person-years of follow-up; TMP/ SMX Z trimethoprim/sulfamethoxazole.
bacteremia. In the poor-response group, six patients and two patients received TMP/SMX with and without a secondary prophylactic antibiotic, respectively. Only one of four patients with recurrences (Patient 3) received TMP/ SMX, with poor adherence. In our study, the resistance rate to TMP/SMX among these 52 isolates was 27.0%. With such a high resistance rate, whether receiving TMP/SMX is effective or the dose administered for preventing recurrent NTS bacteremia is appropriate remains unknown. Furthermore, the multiple adverse effects related to TMP/SMX may limit its prolonged use in the HIV-infected population. 16 In African adults and children, the estimated mortality rate associated with NTS bacteremia was 20e25%. 17 In our study, no patient died in the good virological response group, whereas five patients (25%) died in the poor virological response group: two received antibiotic prophylaxis and three did not. However, none of these five patients died of NTS bacteremia, but of other opportunistic infections or complications. This finding suggests that the recurrence of NTS bacteremia could be a marker of poor treatment response or adherence to cART, and the patients remain at a significantly higher risk for other coexistent life-threatening opportunistic illnesses.
In our study, 44 of the 52 (84.6%) NTS isolates were Salmonella O9 (Group D1) and five (9.6%) were Salmonella O4 (Group B). In another single-center study of NTS bacteremia in both HIV-infected and non-HIV patients in northern Taiwan, serogroup D was also the most prevalent serogroup, followed by serogroup B (23.4%), serogroup C2 (6.3%), and serogroup C1 (1.6%). 12 The resistance rate to ciprofloxacin of the 52 isolates tested was 7.7%. In our previous study, 8 it was 0% in the pre-HAART era (from June 1994 to March 1997), which increased from 6.2% in the early cART era (from April 1997 to June 2002) to 34.2% in the late cART era (from July 2002 to June 2006). The causes of the observed decrease in NTS with resistance to ciprofloxacin remain to be investigated, although shortened use of fluoroquinolones in the prevention of secondary NTS bacteremia may theoretically reduce the selection pressure for the emergence of antimicrobial resistance.
Our study had several limitations. First, the number of patients is small. In view of a low incidence of recurrent NTS bacteremia in the modern cART era, comparative clinical trials of a large sample size are necessary to assess the efficacy of a short course versus longer course of prophylaxis against recurrences. Second, this is a descriptive study. Owing to the small number of patients included, the study was underpowered to demonstrate statistically significant differences in several comparisons between groups. Third, unlike our previous study, 8 we did not perform molecular typing of the Salmonella isolates to differentiate relapse from reinfection with NTS. Last, the patients who had poor virological response might have been infected with HIV-1 with pretreatment resistance or emergence of drug resistance mutations to the antiretroviral regimens administered; however, we did not have the data on the baseline and follow-up resistance mutations of the HIV-1 strains.
In conclusion, HIV-infected patients who achieve good short-term virological response to cART are at a low risk of having recurrent NTS bacteremia, and a prolonged course of secondary prophylactic antibiotics may not be needed. 
